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DEPARTMENRT OF THE ARMY
U. 5. ARMY AIR MOEBILITY RESEARCH & DEVELOPHMENT LABORATORY
EUSTIS DIRECTORATE
FORT SUSTIS, VIRGINIA 23802

This investigation is one of a series being conducted on current Army heli-
copter maintenance operations by the Eustis Directorate of the U.S. A¥my Air
- Mobi! ity Research and Development Laboratory.

The effort was performed by Kaman Aerospace Corporation under the terms
of Contract DAAJ02-72-C-0065 and was diregisd st analyzing those factors
responsible for the high consumption of maistenance time in the performance
of maintenance actions. The analysis was performed on current-inventory
Army helicopters. The report provides ax insight into the man-hour expend-
iture as it relates to ilie mzintenance task function. The data derived: é,.xmg
this effort was ées'eisgaé into a checklist having potential usefulnéss {n mea-
suring the maintainability of future helicopter designs.

- It is believed that the results of thia investigation will not only develop better
= Lﬁéerﬂtaadin, g of design characteristics whick complicate helicopter mainten-
: ance, but will also provide direction for reducing similar ccmplications in
future des;gns

The techrical monitor for this conivact was Mr. Willlam B. Sweeney, Military
Operations Technology Division.
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oonsible for the high man-
hour cost of maintaining current-inventory Army helicopters.
Major components of six helicopter models were analyzed to
identify the significant man~hcur consumers on each aircraft.
Causes for maintenance were establicshed in terms of failare
modss, maintenance frequency, and average repair time. HMajor
component replacement tasks were structured in terms of spe-
cific time elements, and important factors affecting mainte-
nance task performance were established.

This repcrt examines the factors respo

The study was accomplished in three phases. In the first of
these, historical maintenance data at

rall man-hour requirements on
each helicopter. This anzlysis identified the significant
wan-hour consumers on each aircraft in terms of discrete

types of maintenance and failure modes, the frsquency at
which specifically defined tasks occur, and the average man-
hours expendud on each task. In the sscond study phase, the
maintenance actions identified as high man-hour consumers

via the foregoing analysis wers then subjected to a detailed
engineering analysis of maintenance task time. Using txouble-
shooting charts, maintenance instructions and test procedoyes,
supplemented where possible by actual aircraft examinations,
experienced technical persocnnel analyzed esach high man~hour
task to determine the proporticn of total time devoted to
specific elements of the task. In the third study phase,
field surveyvs were conducted at a number of Army aviation
maintenance activities operating and maintaining the six
helicopter models under study. The surveys were used to
compare the analytical findings wit }

ﬁ -
enced Army maintenance specialisis in the field and to gain
a deeper insight into the maintenance reguirements of the
various aircraft.
This report documents the results of £88 three study tasks.
Using Gata derived from the analysis, a checklist has been
developed for use in maintainability analyses of future heli-

copter designs.

ther study is recormmended
ics of helicopter designs
ost of maintenance.

Preceding poge Mank  i:s
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INTRODUCTION

BACKGROUND AND STATEMENT OF THE PROBLEM

Helicopters ty
wing aircraft of comparable size. The reasons for this are
widely reccgnized. FPirst, rotary-wing craft are inherently
more complex than their fixed-wing counterparts. Vertical

1ift capability is not achieved without penalty - it simply
takes more systems and equipment to do the job. Secondly,

the helicopter is subjected to consistently higher operating
stressec. The dynamic systems {roctors, .
operate continually at near-design conditions and under high

dynamic stress loads. The fatigue life of a majority of
helicopter

dynamic components is consequently iimited, re-

sulting in scheduled replacements and overhauis not encoun-
tered with fixed-wing aircraft.

Vibration alsoc contributes greatly to the m
lems in helicopters. Components subjected

vibration are moge Prone to failure,
maintenance workload. Recent advancements in the technology

of vibration isolation ang damping promise to make this prob—~
lem less acuts in future helicopters, but vinration is teday,
and will ke for the near future, a significant factor in the
helicopter maintenance rroblem.

aintenance prob-
to constant
thus adding 4o the

another factor bearing on the helicopter maintenance problex
is the normally congested packaging of systems resuiting from
the unfavorable ratio of hardware to availabie space. wWith
the constraints on airframe size ang weight, space becomes a
crucial concern to the designer. fThe result is often un-
avoidably poor accessibility for maintenance. More mainte-
nance time is needed simply to get at things, and cnce there,
the task is often prolonged by obstructions 13 the inabilicy
of the me thanic o move freely. ILack of accessibility,
although 2 concern in alil

OnCe types of aircraft, is especialiy
troublesone in helicopters.

Th= helicoptsr’s.éperatioaal environment is another important
factor in the maintenance problem, Helicopters typically
gperate close to the ground, which exposes then G a mcre
hostile environment than fixed-wing aircrafe. Laznding and
takeoff from smali unprepared fields, kovering over sang ang
water, nocred ana unprotected in

valnerable to damage
guires greater mainte
harsh environments,

it

3 the elements, gxposed ané
irom many sources, the helicopter re-
nance than aircraft operating in less

The envircnment also takes its toll in

ol

‘pically require greater maintenance than fixed-

drives, and controls)
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helicopter maintenance task time.

™
task must be performed outdoors in the cold, wind, rain or

snow with only the most meager facilities. Personnel perfor-

mance and efficiency consequently suffer.

The problem of heliccpter maintenance is of special concern
to the Army, since the helicopter is the mainstay of its

aviation arm. The Arm», therefore,
and remedy the problem. One of the ways in which

s this is
being done is through investigations such as the one for

whichk this report has been prepared. By investigating the
causes of current maintenance problems, future desi 1%

bt o oe33E

benefit from the experience of the past.

The objective of this study has been to quantify maintenance
task time in terms of discrete task elements. By establish-

ing the time structure of major maintenance tasks, the elements
of work contributing most to the overall man-hour expenditure

are identified. Factors of design and support affecting the
tine to perform mainterance are alsc established.

In this study, the Ammy requested an analysis of the mainte-

nance requirements for certain helicopter subsystems and com-

e

o
ronents identified as major man-hour consamers. The generic
types of components to be investigated were:

-

ve shafting, drive

1. Tail rotor systems, including driv
s, gearboxes, hubs and

shaft supporting assemblie
rotor blades.

2. HMain rotor hubs

ek

3. Auxiliary power plants

4. Stability augmentation systems {SAS, SCAS, AFCS, Etc.}

5. Trainsmissions and gearboxes

€. Hyvdraulic servo actuvators

2

Frequently, the maintenance
N
£

is doing most to identify

bt bt bty il

\
b Sl it

o o ol

s s

=2
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i. UH-1 Utility
2. AH~1 Attack

[¥N)

. CH-6 Observation

. OB~-58 Observatiocn -

sbw

in
-

|
ofn
X

cargo

€. CH-54 Cargo

An initial look at the task posed a fundamental guestion
appropriate to each of the components scheduled for inves-
tigation: To what extent are the maintenance man-hours ex-
pencied on this item due to the freguency of maintenance as
opposed tc the time reguired to perform maintenance?

This is a determination of basic importance in an analysis
e

£ the maintenance problem. Heavy maintenance reguirements _ .
are caused, in some cases, by 3315;3 a=type problems which
consume little time in correction sut which happen much £oo
freguently.

In other cases the freguency of the task may be low, but
considerable maintenance time is zxpended at each occurrencs.
The resulz is the same: & heavy maintenance man-hour expendi-~
ture. In yet other instances, many man-hours are expeandsd
chasind problems which do not exist at all, as when a pilot
imagines & "funny beat or shake™ ({often because ¢f a com-
ponent's §:§cr reputation for trouble). It was considered
probable that each cf the components to be studied would in-
volve some combinaticn of these maintenance causes in varving
deqgr tes.
In ordex to arrive at & basic understa n&ing of the mainte-~
nance prchlem, certain items of information were considered
to be necessary:
1. High Man-Hour Consumers - identification of
the items (components) which consume the
largest share of maintenance man-hours.
z. TVDLS formed - for the

itens gh man-hcur consummers,

the propo t nce time expended

on schaduled fE?*agéﬁé i; repair of failures,

ao—gafzct actions, sto.




'

Frequency Versus Repair Time -~ each maintenance
category applicabie to the item analyzed in

terms of freguency of occurrence and time-to-
vepair.

This data would provide the basis for constructing the gen-
eral dimensions of the maintenance requirement in terms of
what is done, hcw often, and how much time it takes. Having
reached this basic understanding of the probklem, it would be
necessary to next probe for the factors underliying heavy

mainfenance man-hour expenditures. Additional data would be
needed for this:

i. Failure Mcdes ~ definition of the item's
failure modes to the extent necessary to
identify the different types of maintenance
tasks performed.

Elerents of Task Time ~ the component eleuments
of maintenance task time, e.g., the time reguired

to favlt isolate, g=zin access, repair or replace,
test, etc.

Factors Affecting Maintenance Time ~ the
vhich contxibute to the ease or difficuity o
the maintenance task, s=.g., access provision
size and weight of ity

of alignments, adjustments, tests, stc

Rt g

All of the above data were considered vital tc a complete
analysis of the maintenance probism. Without such datz the
analysis wonld rest heavily on t=chnical judgement, sufféring
attendant losses in objectivity and validity.

TECHNICAL APPROACH

The technlical approach to the maintainability
major helicopter components involved five prin

3
3 o e S

foud

. Data Processing. Historical maintenance data

was processed and tabulated for the varicus
helicopter subsystems and components 2
for analysis. This was accompiished £
of the six helicopter tyres included in
study. A substantizl base of maintenance
flight activity records, from both Marine Corps
3-M and Army TAMMS sources, was used o a

the historical datzs on each aircraft. Th
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3
process entailed the classification of %
maintenance tasks according to structured E

i
7

riteria and the calculation of associated
= statistics.
o

A A e

i

2. Maintenance Requirements Analysis. an

pesie

analysis was condacted toc identify the :
significant man-hour consumers on each :
helicopter in terms of discrete types of
maintenance and fzilure modes, the fre-
quency at which specifically defin=gd

tasks occur, and the average man-hours
expended on each task. This allcwed the
anzlysts to rank maintenance problem items,
to identify underlying causes, and to deter-
mine the areas in which further anal«niz
should be concentrated.
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Maintenance Task Time Analiysis. The com-
ponent replacexmsnt actions identi =
high man-hour consumers via the foregoing
analysis were then subjected to =
analysis of maintenance task tie. Using:

=2

TR FRrream
s

troubleshcoting charts, maintenance in~ =
= structions and test procedurss from Army E
mancals, supplemented where possible by 2
actual aircraft examinations, experisenced -
technical perscnnel analyzed each ¢f the E
selected tasks to determine the proportion E
of the total task time devoted to specific E
elements of maintenance. This involved a E
very comprehensive, step-by-step anzlysis e
of each task. As a result of this effort, =
all of the selected maintenance actions =
were documented in terms of specificaily E
defined elements of maintenance time. E
4. Field Surveys. Ths maintenance reguirements %
and task time analyses, just described, pro- E |
vided the basic statistical foundation for
the study. Visits were then made to a number
of Army aviation maintenance units to examine

aircraft and tc interview Army maint
speciglists. The purpo £

purpose of these
was to review the rssults of the t
analysis with experienced mainten 2
sonnel on each model helicepter. =

were augmented, where possible, )
examination of component installiat

W

=
=4
=
=
=
=
=
=
=
=




This report cdescribes

the results,

Maintenance task an

by helicopter

have been assexbled i

of actuzl mainternance tasks.
Se surveys, the maintenance
& analysis was veriiied by Army per-
sonnel with “hands-on” sxperience and
modified where necessary. The survey
method aisc provided the opportunity o
gain valuable insights into maintenance
proslams not obtainable through a sirict
technical ana

1lv¥sis alone.

Develiopment of a Check List. The knowledge
acguirsed as a result of this study was used
to develop & guide for use in maintainability
evaluaticas of future helicopter designs.

The guide is maantenance function orientszd,
directing attention to the tasks znéd design
characteristics which contribute most im-
portantly to the maintenance preblems with

ic ciasses of components

on current-
ory Army helicopters.

the methods of anaiysis. and documents
conclusions, and reccomendations of the study.

aiysis datz have beern grcupsd in tables -
model and ajircraft subsvstem. Suppoerting dzta

1tc appendixes.
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File I. UE~1E, AH-1G; AH-1J

File 2.
Simultansously, the forma:s of the input records was alierad
tc condenss the files and to speed sorting 276 processing -
efficiency. Figure 1 shows format of the B80-character,
3—% records as received criginal tape fiies. Figure
2 shows the revised 45- acter format produced as a rasuit
Oof the initizl file ext uns. The progrem snrmlts the
creation of from one to uiput files from an E&Eééf of
input files. n

: £ %eiiccater codel tvﬂ can
be placed on a @efined input tim

pericd.

ecords {Tyoes 11, 23,
> i{maintenance racorg

J.
] ancther prog : £iight
= hours by ai ‘r; : sr num s reguireé to

estimate the 3; ge a o for the
varicus =odels

, The R&M Statistic
B in Pigure 3, pIov
input to the stud _
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provided with the data supplied by the Navy, the report does
not inslude the item nomenclature. There is a two-line
printout of data for each work cr de reported.

-3 Total lines are ~upplied at the component level (for items
= with a 6th and 7th digit WUC breakout) and at the subsystem,

= system and all-systems levels. An explanation of the data
= elements follows:

MTBF -~ The Mean-Time-Between-Failures for the work
unit code. This value is computed by dividing total
flight~hours for the model by the number of failures

-] reported (scheduled actions, no-defect actions,
E cannibalization, et:s., having been screened out).

MI'BR - The Mean-Time-Between-Replacement (for
failure) for the work unit code, obtained by
dividing flight-hours by the number of reported-
replacements due to failure.

FAIL RATE ~ The rate of failure per 10,000 £flight-
hours.

REPL RATE -~ The rate of replacements for failure per
10,000 fiight-hours,

QRG MTBM - The Mean~Time-Beiween-Maintenance at the
organizational level, obtained by dividing flight~
hours by the total number ¢f maintenance actions
reported at Level 1. (organizational level)

INT MTBM -~ The Mean-Time-Between-Maintenance at- the
intermediate level, obtained by dividing flight-
hours by *he total number of maintenance actions

at Level 2. (Irtermediate level)

T W’m‘ i

A
L

ORG MTTR -~ The Msan-Time~To~Repair at the organizational
@mzintenance level, obtained by dividing the total re-
ported alapsed maintenance time at Level 1 by the numker
of acticns reported.

‘ ‘
I

INT MTTR - The Mean-Time-To-Repair at the inter-
mediate maintenance level, chtained by iividing the
total reported elapsed maintenance time at Level 2
by the number of acticns reported.

ORG MH/MA - The average man-hours per maintenance
action at the organizaticnal level, obtained by
dividing the total reported man-hours at Level 1 by

+hao

the number Of maintenance actions reported.
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ORG MH/FH - The maintenance man-hours per 10,3400
flight-hours at the organizational level, obtsined
by dividing Level man~hours x 107 by flight-hours.

Yot

INT MH/FH - The maintenance man-hours per 10,000
fiight-hours at the iaterﬁadlate le"e‘, obtalneé
by dividing Level 2 man-hours x 104 by flight-hours.

hours the work ahit ée cemncsent ﬂausnd the alrcraft
to be not operationally ready for maintenance.

NORS FATE - The number of hours per 10,000 fiight-
hours the work unit code component caused the aircraft
to be not operationally ready for supply.

FOUR-HIGH FAILURE MODES - The 3-M malfunction codes
for the four-high failure modes repcrted and their

percent centribution to total failures {in descending
order) .

RAEN DISCOVERED D {

of failures by "whnen discovered” category within eight

groups:

Gzoup 1 -~ Preflight ({(Abort)

Group 2 =~ Inflight (Abort}

Graup 3 - Eefore Flight/Preflight
Inspection

Group 4 -~ Between Flights/Postflight or
Dail:r Inspection

Group 3 = TIaflight (No Abort)/ Test Flight

Group & - Calendar Inspection

Group 7 - Other Inspection

Group € - A1l Othsx

\ngl a.ﬂi“t’i ;. {::"‘Egg 3 E;

causec b“ waath

;3,,ﬂ3§$z§§ - The percent distribution
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extract specific components from the computer-processed
data fs* use in the maintenance requirements analysis. For
g »

ric component types, work unit codes were
he respective 3-M ¥Work bn** <

Code HManuel,
»ove* ;g t?e 5& assembly ané each of its significant sub-
assemslies {where pertinent). These codes were then arranged
to show logical j:cspings of components where the seguence
of codes in the manual did not provide this. Table II shows
an initial listing of typical work unit codes for the AE-1G
prior to the statistical screening which took plac. later.

TABLE 1II. TYPILCAL WORX UNIT CQODE EXTRACTICH,
AH~1G HELICQPTER

Work Umit

Code ~ Component Nomenclature

26111 ¥ain Drive Shaft Assembly

26211 ¥zin Transmission Assembly

25212 Plate Assembly

26213 Breathsr Vent

26214 Mapnifold

26215 Cogpling

26Z1C Mast Assernidlv

2621E ¥ain Input Quilil

26244 0il Pressurz Relief Valve
2624¢ 0il ?resssré Switet

26411 Tail Drive Shaft Assembly
26412 Clamp

264513 Hanger Assembly

26414 Intermediate Gearbox

26413 Tail Gearbox
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MAINTENANCE REQUIREMENTS ANALYSIS

One requirement of this study was to identify the failure
modes and maintenance requirements which generate the high
man~hour consuming tasks on each of the six helicopter models.
The data processing tasks just described provided msintenance
data for each of the aircraft upon which an analysis of main-
tenance requirements was based.

The purpose of the maintenance reguirements analysis was to
identify the significant man~hour consumers among the list of
generic components being analyzed and to isolate the actions
and failure modes which contribute most heavily to the main-
tenance purden on each component. The maintenance data on
each aircraft was screened to eliminate from further study
components which historically did not represent a significant
share of the maintenance burden on that aircraft. The general
guideline used was to drop components which did not contribute
at least .5% to the overall man-hour per flight-hour rate.
This was not rigidly adhered to in every case, however. Cer- 3
tain components which revealed a high overall job average or
an excessive action rate were retained despite having faijed
to meet the general cutoff criteria on man~-hours. In other
cases, components which exceeded the cut-~off criteria were
dropped because of extenuating factors - an excessivelv high
cannibalization rate for example.

R TENTEY

Afrer the component screenirg was completed, data on each
component was anaiyzed to extract the high man~hour zon-~
tributors by type of action and cause. Maintenance recordc
were grouped into one of the following action-type categories:

1 - Check

2 -~ Adjust

3 -~ Repair

4 ~ Remove

5 = 1Install
6 - Replace
7 = Rebuild

NRTS (Not Repairable This Station)




Action categqgories which did not contribute at least 5% £¢ the
man-hour rate for the component were drcopped. Next, causes
within each action category were examined by malfup ction type
code. Faillure modes or reasons for wmainteanance which con-
tributed less than 2.5% to the action rate for the component
were also dropped. (Action rate rather than man-hour rate
was used as the criterion because the TAJAME data as formatted
did not show the contribution to man-hours by cause)}. The
result of this procedure was to distill the cverall mainte-
nance history on each component down to those actions which
contributed at least 5% of the component man~hour rate and
those causes within acti which contributed at least 2.35%
of the component action ra .

bt et

ns
te

The data thus assembled was prepared in pxncbed-cz*a format
to facilitate formatting and calculation of reguired statis-~
tics. The fornat of the card records was shown earliier in
the section on TAMMS data processiny. The f£ile code struc-
ture included codes for the helicopter model, type maintenance
action (listed earlier), where perfcrmed d¢51gwa icn, mal-
function or reason for maintenance,and the maintenance lsvel.
The model codes used were:

1 - UE-1

- .
Z2 - iE-1

{ - CH-54

The codes designating where the action was performed wire:

1 - On-Rircraft

2 - off-aAircraft
The . alfunction or reascon for maintenance codes were taken
direc*ly from the standard malfunction code set usaed in the
Navy's 3-M Maintenance Data Collection System. The m&ainte-

nance level codes used wesre:

IV RTPITR" P
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CNF L MHZ AL WAL PAS ¥E/ B/ R=a-f-K
ACTIGS OFF € & AL FH H FH FH HAJ wHS
RELSONIFAILURE MOCE A/C ¥ AVG PEN  RATS PONT RAYE PINT FH FH
i5iip SCISSORS/SLLSYE A$SY
REPLIR CN 2.0 1l.& 26,1 2i.5 &7.4 2.3 2 2
020 %094, CHAFED.FRAYED ¢ 11.5 10.3 22,7 9.3
127 ADJIST/ALIGN iWPROPER * 2.9 2.6 7.5 2.9
SEPLALE B 1 5.7 1.7 4#3.7 39.0 24B.§ 9T.4 1 1
Q20 WORH,CHAFEDFRAYED *  3%.6 27.3 13%.% 354%.5
b 710 BRG FRILING/FALLYY ) 2.5 3,2 13.2 6.&
L 893 NO-GEF/TIME (HaMGE ° f.k 3.5 BT.S 26.56
THER G, ££.1  39.% 0.0 .2
COMPUNENT TOTAL 2.6 1.6 111.9 123.0 296.7 108.0
5115 ¥2IN ROTOR ryB A5SY
REFAIR OFF 7.8 2.0  14.& 14.9 2358.} 32.7 2 2
025 MCAM,{FASED,FRAYED . 3.2 3.5 33.5 19,0
713 SRG FAILING/FALLTY 2 6.3 o2 123.7 13.9
LEPLALCE ox 11.1 2.6 33,86 3%.9 3734 3.8 1 %
020 WOAN,LHAFED,.FRAYED - .= &b 6.2 8T.3 E£.1
152 CRAIXEL * 4.5 &.5 82.& 5.3
710 BRG FAILING/TALLTY a 3.6 3.7 &Z.9 5.2
8503 NG-SEF/TIME CHANGE s 3.7 3.9 3£.8 &
OTKHER $:2 2.0 48,3 50.2 203.5 2a.4
CONSONENT TOTAL Bed 2.2 Th.s 120.8 B23.7 106.0
$5118 HAIN AOTOR CMT ul ASSY
REPAIR ) N 2.0 1.5 3.6 &2.% 7.2 72.5 i i
020 KON, CHAFED, FRAYED > 0.5  B.5 0.5  %£.5
87C BRGEEN * 0.3 5.7 8.5 4.8
127 ADJST/ALIGN IMPROPER = 0.8 14.3 5.8 2.2
135 BINOING/STUCKZJS¥NED * 0.3 5.7 0.2 - 1a7
430 LACK OF/FIFPROF LUSE e 0.3 5.7 9.1 1.0
REPLACE oN 1.4 1.5 1.3 28.0 1.6 15.0 2 2
020 WORNCHAFTD,FREYED * 0.2 2.9 S. 2.3
Q70 SROREY * 0.5 13.3 9.9 3.5
733 LOOSE 2 0.2 2.9 3.5 a.b
OTHER «2 1.2 1.0 iv.1 1.1 1.3
COMPONENT TGTAL 1.7 1.5 £.7 iug.o 9,3 158.0
Figure 10. Hairtenance Requirements Data Format.
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in cases where certa £ gen screened
fziled £O meet the cutgff crite-

@ not be properly catsgorized
because of crrors cr omissions, the balance between the sup
of the tabulated actions and the component totals is shown

as "OTHER®". This line immediately precedes the Y"CCOMPONENT

rion or where the data coul

TOTAL" line.

Tables III thru VIII contain the cverasll repair ané ccmponent
statistics for the six helizcuter models developed from this
analysis. Three additional tabulations for szach of the six
helicopter models, ranked by average man-hours per task, are
contained in Appendixes I thru IX¥I. Appendixes I and II con-
tzin renkings of on-aircraft and off-aircraft repairs respec-
tively. Appendix IIXI contains a ranking of component re-
placement actions. The complete results of the maintenance
requirements analysis for the six helicopters are contained

in Appendix IV,

Wy

B o A hllnﬂm.h

Rl

AL

i, T et

=
2
e
g
=
-
2
=
g
=
=

il

g



BN

Era) WD MM e wpem DR B M N e ey " O MG el mw qap.
[T oy L X S AR 4 MoOoGe mm e oy W MENE fhel [ E"
S N el %em. AN me W AN AV MR O ™ " RS B>
-
o ™ o : .3 s
]
y oe o r W m t~m i o w8 WM w0 A R - T - L X B
L] L » L L] L] A ] LI 1 * 1] L] L] L] L] - » )
mu " A WM NN e b o L L I ST S P SR TR L XL B B P Prw o
& S—— N A ” L
. SO0 Nm w0 e Hoy 00w W uyey WN M e e e "o
FR ® el QW O 5w KB Ml Wl e e el N e e WD VP g
h..v ._.,._ & [+ Y] 0 wp o (D ?. "y L] L N AN oA th w [ o™ oW "y O W e Ll ] L e My L]
" m [ - " - » ™ - » » L) L o B "
! ”u.m b,“ X o Wird ) o -y e 1 PO W ey gy i )
n W TSN i ¢
L '
B9 E wu gg wg 29 G4 09 U8 @ dg G dg g g g g |
bet @ Yoo mm MmR ] vw.m m.._w. .__.m -y a“a c:_. .m & 2 wm.... e
I | wd Do o0 OO am CRORo o nY Mo (2R T« [0 B G e !
£ » ,
.‘nﬂ‘ Ji )
00 2 FREE mm we BiEs b R B R ol R TR S e FE e
m..:.; e 656 &8 8 68 88 BB & & ¢ oE BE 08 858 &% iE BB 8
i.‘.n “..HAG.M A L LT T ——
" ca & W » ) & \ | ,
& e UHoOOM o ﬁx il mg Sy By Su B 84 &, & 1
“ - 0 oo LT ) s ] "t L 3™ ) o [\ ™ s Y L3 .L_ 3 oy [ ") v "1« l E o MY v
0 3_:?" L nﬁ i m@ si " o ol wm. ..i L “% Ll L] e sﬁa ) aﬂ el |, a.h. LI
SO ] Ghe Bl B gl ge & gy & § % ¢ o gE BE RE W g
# L I f,::?_.mrsimm%ri. RLIN - ?,;,;,m &?L& E.;%i - _,aw - ,.L._.?,.,.;gu._:r_;;ﬁﬂ ?i%r&.,.__i_,._r?,__s;_;_,_;:
g By
wa W) vl
£ g a o4 v
£ &4 5 E i
5l .,.
why - 1] ] o
ﬁ._U o " 5 I 4 12
- e [+ L1 i
L L [ w L o] [
" Y ] e X [#]
h__r_« mw. _mw 1) .u W ‘,m“ w 4]
-t ] %O m.. £ ) 8 b q A
. ol & 5 & g8 Lk g % ,_..,__ 5 y 5§ @
b 809 e a & § B m o 8 o . i «
" "
Ax - §i & bt _nm b 1] M ! " & .é m_h
[44] 4 o i 4] I v wooofy i | » 0 d
ol o " vy i ad £ ¥ 3 f] o b ) o _ﬁ &3 M
e nd 4 O b 2 o i 5 0 ,m wf / )
' «w & &8 W X ] s YA B 1 J b o He
m..___ ] L] w %4 i o 3 -y o-d ] hn.. ] é ) .2,‘ LY 41
Sl & % 3 3 04 9 w78 4 £ 9 5 & pEod
0 & O v E iy # I oy » pw b " " LR
o
[+ [ (] wp e -y o (%] [ =] [ iy "y Sy [\ "y i [+
i i~ LA . (] ey o e [ ] L] L s S LI [+l (] el
] ey i o~ vl vl o] [ W WY W My "y 1) Wy ol ™
(™ i e “p " (0 "y 7] L] [\ " [} ) [} ™ LT3 L1Hd
e v o v wl e o L L | L] ™ ™ (3 LA i 1

e — it E?EE%&%




Lospone.t Code and Homenclatyrs
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36411 rail Retor Drive Coupling

Herger Beacing
Tail 2ctor Ssarhox

Dreop Comronzaisy
0il Cocler

Anti-Tce Control Actuator

SIarter Gezarsicr

82 28 28 8 2% 2% 22
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TABLE VI -~ Continued

Avg

Type On/0ff Man- HH/f%

Compenent Code and Nomenclature Action JAcft. Jlevel/WTBM | Hr x 10
26413 Hanger Assembly Replace| On Org 88 1.9 {2,150
Repair | OLf D.S. 312 1.8] 595

26414 Intermediate Géarbox Replace| On Org 4527 2.6 608
Repair | On Org 8851 0.8 26
26415 Tail Rotor Gearbox Assembly Replace! On Org 36% 4.8 11,303
Repair | On Org 623 g.21 129

29132 Pillow Block Assembly Replace| On £.s8. [4,000] 1.3 33
Répafz/‘ZOﬁ D.g. 7,692 0.¢% 11

23133 Tripod Assembly Replace! On n.s. 11,408 2.0 142
Fepair | On D.S5. 11,493 1.5] 1e3

23310 Droop Compensator Cam Box | Replacel on Org 3,030] 2.3 77
. Repair | On Orgq 4521 0.7§ 155

2931710 Linear Actuator Replace| On Org 4521 2.3}) 509
Repair | Off D.5. }1,205] 1.2] 101

Repair | On Org 303; 1.0 346

29321 RPHM Warning Dztector Box Replace; On Org 201] 2.4141,:193
Repair | Off D.5. 224] 1.1] 493

Repair | On Org 183} 1.2) 635

29422 0il Cooler Replace] On Org 3,448 4.2 123
Repair | On Org {3,020] 2.6 87

42211 Starter/Generator Replace; On D.S5. 11,587 3.3 207
Repair | On b.S. £2¢ 2.2 269

575C1 SCAs Control Assembly Replacs! On D.S. 14,000} 2.0 50
Repair | On D.s. {4,762] 1.1 24
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TABLE ViI. COMPONEN? REPAIR AND REPLACEMENT
STATISTICS, CH-47 EELICOPTER

3

[

=
3

Type On/0ff
Component Code and Homenclature Action Acft. Level

el
-

14021 swashplate Control Replace {On 5.5.
Repair | Off D.S.

LS8
. "

W

14060 .rive Arm Assy - Trans. Replace | On
Eapair | Gff

.
LY (7] S m (=X ) ot

15008 Rotary Wing Head Assy. Replace {On
Repeir | Off

o
R-ICE-N

.

102 Shock Absorber Replace {On

15133 Rotary Head Bcot Assy. Replace [ On
Repair {On

B I Y T XY
-

15170 Rotary Wing Head 0il Tank Replace {On

-12234 Spring Drocp Stop Replace {On

15271 Droop Stop--Static Replace {Cn
’ Repair iOn

-22004 Turbine Engine Replace {On
) Repair

22074 Fire Detection Sensing Replace |{On
Element Rspair ;0On

Engine Oil Pump Replace
Repiir

Power Turbine Control Replace
Actuator

Starter Replacs
Exhaust Cone Replace
Tailpipe Assv. Replacs
Aux, Power Unit Replace
Repaizr
Repair

Replace
Repair

APU Fuel Pressure Switch Replace




TABLE VII - Continued

T
Avg
7 ) Type Gn/0ff | Harn-

Component Lode and Homenclature Action jAcTe. KIBN | Hr
24576 &PU Fuel Roost Pump Replace; On 4,187} 1.8
26010 Combining Zrans. Replacel on 183] 7.6
Repair | On 695+ 1.2
Repair | Cff 637 23.9
26012 sSynchronizing Shaft Asey Replace| On 133} 2.4
26012 Aft Trans, Assy. Replacs! On 274 42.6
: Repair | On ign} 0.2
26916. Forward Trans.Assy Replace] On 407; 39.0
Repair | On 1,523 o.s
Penai=w | Of 1,163§ 23.0
26017 Engire Trans.Assy Replacs| In 21} 4.5
- Rapair | off 204 12.2
2601%¥ Trens. Shaft Asgy Replace| On 407 T
-7 Repalxr | Off 1.7541 13.9
26032 Af: Eoter Drive Shaft Replace!| On 883] 18.7
. Repair ; On 6.,667; 2.5
Repair | Off 3,030] 15.%
36084 Jdspter Rssy — Rotor Drive | Replace| On 1,839 2.2
Repair | Off 1,020 8.6
26036 Ourput Ssal-Afc Trans. Replace! On 465§ 15.0
26173 Chip Datactor-Enging feplace| on 1.388] 1.1
Trans Repaic | On 3,2267 1.1
{2054 AFC Gansratsr PBeplace] On 441 1.8
Repaivr | On 1,453 2.9
45611 BERydraulic Servo Cylinder Replace} On 22357 3.7
Rapair | OFFf 141) 12.¢0
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TABLE VIIT.

COMPONRENT REPAIR AND REPLACEMENT
STATISTICS, CH-54 HELICOPTER )
- " =

Vg % .

Type Onjo0ff Man- RH/FH

Cozponent fode znd Homencliature Action lAcft. [level{MTBE | Hr & 107
15006 Tall Rotor Blads Replace| On Oz 1147 2.3 2,544
Repair | On D.S. 831 2.3 3,954
Repair | 0ff D.5. 637 16.0 [25,51 :
15007 Hain Rotar Head Assembly Replace| Or D.S. 2601 28.7 EI,QS%
15016 Rotor Damper Assembly Replace| On Org 3114 3,214 1,431
Repair | Qff D.S. 11,042 16.¢ | 1,54y

15021 Tail Rotor Head Replace| On Org 323; 5.9 3,041
Repair §{ On Org 3,125 3.3 107
15675 Droop Restrainer Feplsce] On Org 228} 1.5 £58
15208 Bearing - Pitch Change Replace| On Org 3505 1.4 386
Link

22005 Engine Replacs| On D.5. 85] 52.562,23%
Repair | On b.s. 189; 6.9} 3,47

Repair | Off D.S. 4071 24.0 (13.58
22028 Tailpipe Assembly Replace| on D.s. 88| 1.e] z,042

Bapsir | Ga D.S. 781] 2.4

22037 Fuel Control Xeplace] On D.S. 434 5.4 1,43
22043 Pacticle Separator Replace| 6n  [org |1,333] 5.5 §§j
22100 EZAPS Blower Replace| On Org §67] 3.4 514 i
22113 Anti-Ice Valve Beplace! On Org £671 1.3 i35
22150 Startasrx Replace| Cn Org 11,3335 2.8 §§é
i
22389 Anti-Ice Sensor Raplace| on org {4,762} 1.3 &
Repair | On Org (9,031 0.5 i
- : .
24014 APP Spgine Replace! On .S, 14,782 5.4 137
Repair | On D.s. 719] 0.0 #.348

24038 APP Clutch Replace] On .5, 821 2.3 37¢
Repair | Cn D.S. :4,762] .8 5%

repaiy | Off D.S. }1,583] 16.9] 1,027

23030 APP Fuel Contrsl Rezlace! On Org 518 3.3 €35
24159 APP Startex Replace] On Cr 781F 3.1 3sg
- 24187 AP Fuel Pump Replzce] oOn Org 23,125 3.4 141

41
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rotor installation. At times, field psrsonnel would
indicate that minor tasks w2re performed on *He coemponent
{tightening a loose fittiny, touching up surface corrosion,
etc.}, but these were not considered in tﬁe nayare of a
"repair® asz such. Overall, the consensus was that the
ajority of corrective actions on the aircraft involved
replacament of components or parks.

For thess reasons, the mainterance task time enalysis was
concentrated on removal and :efiaﬁéaﬁﬁi actions. These
actions, for the mos# part, are relatively consistent from
one occuzrrence to the next. Unusual difficulties may be
encountered ir any maintenanbe task, of course, but the
basic steps are relatively the same in each instance. Therse-
fore, the eliements of tfime in remcval or replacement of a
component may be considered fairly sranaa:g, except for the
element of fault isolation, which will vary with the type of
fzilure whizh precipitated the ze g’*ﬁeﬁent If replacement
was occasisned by excessive ccrrosion, for example, the
fzult wasg prcbably disciwered via a routine visual esxamina~
tion and troubleshcoting time was little or none. If, on
the cther hand, replacerant was the result of tracking down
an aircraft vibration to 2 malfunction in that compilnent,
tioubleshooting time might be a2 considerakle part of the
overall task.

m mw.un w w.u

@

The approach, therefore, was to

anslyze the basic removal

or replacement task (no-defect} é§§ then to allocate time

to fault isoplation for specific kinds of malfunctions (or
similar malfurctions}. The £

fault isolaticn tinmes

i
f

ey ——
groups of
e

3

1

were later averaged.

For =sach of the selected components, a techniccl 3nalysis

of the replacement task was made. Thiz involved research-
ing technical manuals, maintenance handbooks, trouble-
shooting charts, etc., to estch;;g the component's fTunction
in the system and its packaging and Igcation in the

Haintenance task stegs were then identifiod and constructed
for the rsmoval and installation of the component. These
maintenance task steps, segaewtiaéig listed in order of
their occurrence, identified the major work efiort
assgociated with “s~§afect replacaments of the component.
The maintenance time reguired to accomplish ezch step was
then analytically developed and recorded. The analysis
relied heavily on the judgement of experiesnced maintain-
ability engineers supplemented by actual hardware examina-
tions and task observations where possible. Each step in
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The maintenance acticn
task element categories

vwas then assigned to one of the eight

1. Fault isolation {troubleshootingl}.

2. Gaining access and securing
fairing, etc.

ol

oors, panels,

T

3. Removal and replacsment of cther components
for wccessibility to the component in need of

-

replacement.
4. Removzl and replacement of buildup components.

5. Pemoval and replacement of the end asseuwbly

component.

6. Draining and refilling of fluid supplies (oil,
hydraulic fiuid, 2tc.} and servicing or lubrication
after repair or réplazcement.

7. Aﬂ*ustaeaz, alignment, balancing, tracking, etc.
after repaiy or replzcement.

8. Inspection during and after repzir or replacement
and final test.

Table IX contains a typical component yeplacement task time
analysis - the UH-1 uelﬁc gi;r taii rotor assembly {an ilius~
tration of the installation is st own in Figure 38). The man-~
minutes reguired for the :e;s 21 and installaticon functions

€3

are shown assigned to one of the eight task element cakegories
{siash indicates taat minutes are split betwser twc categoriss).

The numbers in parentheses refer to figure numbers from the
technical manual.

Component zeyiabescﬁ task timc analyses, thus developed for
2ach of the six helicopter models; wers tabulated for dis-

cussior and verification in the field survey intervisws
which fclilowed.
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FIELD SURVEY QUESTICHNNAIRE

Helo Model: UH-1 Date: Oct.24-25, 1972

Maint.Level: Org. and D.S. Location:_First Air

—avalry, Hunter AAF,

Savannah, Georgia

PERSONS INTERVIEWED:

1. Name and Rank/MOS: John Doe, Spec 5

Military Unit: A-Company, Aircraft Maint.Bat.

Duty or Function: Crew Chief

Maintenance Experience: UH-1 (2 yrs.), AH-1 (2 yrs)

2. Hame and Rank/MOS: John £mith, Spec 6

Milit -y Unit: B-Company, Aircraft Maint.Bat.

Duty or Function: NCOIC, Prop & Rotor Shop

Maintenance Experience: UH~1 (4 yrs), AE-1 (2 yrs},
- -CH-47 (1 yxr), CH-34 (6 yrs)

3. Name and Rank/M0OS:

Military Unit:

'
dr b . vl s ko 00

Duty or Function:_

Maintenance Experience:

ot Lo e o g

Figure 11. Field Survey Questionnaire, General Data.
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COMPONENT QEPLPCE%E?.

FORMAT AND CONTENT

Component replacement time data devnlopﬁa from
xnd field work previously described is presente
tables by helicopter mocdel as follows:

Table XI  Cocmponent Replacement Duta, OH-58 Helicopter
Table XII Component Replacement Data, OH-% Helicopter
Table XIII Component Replacement Data, Ub-1 Helicopter

Table X7V Component Repiacement bData, AF-1 Helicopter

Table XV  Component Replacement Data, CH-47 Helicopter
Table XVI C(ocmponent Replacement Data, CH- 4 Eelicopter

Each table is organized sequentially by componcnt code. The
data presented for each component includes a guantitative
breakdown of the replacement time elerents and, where per-
tinent, a statement »f the factors wh.ich were found to in-
fluence the time invelvad in certain tasks. A two-line
presentation of the task time elements is use

line shows the average total man-hours r ¥
ment of the component and the apportionment of this t
among the eight task elements. The percent centribut
each element to the total replacement task is shown on the
second line. .he*e factors pertinent toc one 5r more of th
task elements are given, a third line lists the number of
foot~ote (s} which applies to that element. foot

a Cu.sponent are grouped at the bottom of the
same page.

The component replacemsnt time factors Jreseﬁted in this
study are averages developed from examination ¢of hiszorical
data, detailed task time analyses, and the ju&gment of skilled
and experienced fielé maintenance personnel. The average
time to accomp1§5h component replacement considers direct
maintenance functions only. It exciudes octher contributors
t¢ maintenance time such as administrative and s delavs,
lost time, record kKeeping, a@tc. As such, the ma cea
time averages may appea) scmewhat lower than pub

averages which reflect "start-to~finigh™ fimes.

it was intended that the total maintenance time

in this analysis. Attempts to obtain reascnabile
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for indirect maintenance functions such as locating eguip-
ment, chasing parts, completing forms, etc. were not success-
ful, however. It was found that the time expended in such
functions varied widely from one aircraft maintenance opera-
ticn to another. The average time required to obtain parts
was reported tc vary from a few minutes to upwards of an hour
{in the case of a unit whose supply source was acress the air-
field several miles frow the maintenance base). Similarly,
estimates of time for obtaining work stands, a crane; external
power source, etc.,were found to vary greatly, depending upon
the relative abundance or scarcity of such eguipment at that
activity. 2Any estimate of the "average"” time involved in
such tasks would be very subjective and serve only to make the
total time for replacement appear more reasonable and in keep-
ing with other published statistics. Such data would, more-~
over, contribute nothing to the basic objectives of the study.
Por these reasons, replacement task time analysis was confined
to the "wrench turning® aspects of the job.

Even in this area, however, some difficulty was encountered
in arriving at average maintenance times. Occasionally, the
engineering task time analvsis of a component replacement
function would develop an estimate of total man-hours which
was at gross variance with the average man-hours generated
from the field data (TAMMS or 3~-M). When this occurred, cne
or both of two conclusions might be considered. Either the
fieid data was errocneous znd/or the engineering task time
anaiysis was faulty. The firsi step in resolving the con-
flict involved a thorough analysis of the field data using
the detailec maintenance action reports shown in Figure 6.
Very coften, cases of improperly coed data could be substan-
tiated, as when replacement of & hel.copter main gesarbox was
reported to consume 1.5 man-hours. An error such as this
might have occurred in preparation cf the original mainte-
nance report or in the translation of the data to machine-
readable format. Most often, it represented a case of im-
proper code salection (use of the gearbox code or part number
to report replacement of an 0il fitting for example). When
a sufficient number of erronecus reports could ke identifis
in the data for a component, it was usually possible to re-
solve major differences between the computer-generated
statistics and the engineering analysis. When this failed
to resolve the conflict satisfactorily, the engineer would

iew his analysis to confirm that his detailed fask time
estimates were valid and complete. Adjustments were nade as
necessary at this point.

o
o
oty

In the course of the field
a

interviews, disagreement between
the engineering analysis imate i

i isag
nd the time estima eld
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personnel also cccurred. These resulted frequently fr?m
conflicting inuverpretations of the maintenances task being
considered, especially in the classification of tima among
the eight task =lements, and were usually resoclved through
¢iscussion. Nct infreguently, the discrepancy was the result
of over-esrtimating or under-estimating the time for certain
tasks in the engineering analyei The opportunity to discuss
maintenance tasks with experienced field personnel while
examining the actual hardware instzllation was sxtremely
valuable in this regard. Very often, problems indicated by
an analysis of maintenance instructions and instzllation
drawings were found to be much less severe when actually
viewed and discusszed. Likewise, some problems coverlooked in
the technical analysis were revealed in this manner. Re-

placement time estimates were frequently modified as a result
of the field survey.

The component replacement time factors developed from this
study are the best cverasli averages establiched by skilled
analysts using the various sources of information available
to thiis program. Maintenance time is, however, a variable
guantity. It 7s influenced by the environment in which
peosle work and by tne maintenance resources available to
them. It is infiuenced alsc by their skill, motivation and
morale, by the quality and depth of supervision and by the
policies of management. The concept of an "average mainte-
nance time” must be viewed within this context. Higher or
lower averages may prevail where the physical or psychological

factors influencing maintenance performance move in either
directior~ from the norm.

The emphasis in this study has been on the quantificatiom of

maintenance time in terms of discrete task elements. Estab-
lishing the time structure of major maintenance tasks isolates

the elements of work which contribute most to the dverall man-
hour expenditure. However, there are factors involved in the
perfc.mance of maintenance tasks which time statistics alone
do not reveal. One additional requirement cf +he Government's
work statement for this project was to identify the more
important of these. This has been done by way of the notes
appended to the statistical data in each table.

In the course of this study, mary facts and opinions were
brought to the attention of the analysts doing the research,
either through their own analysis or from the fielsd personnel
they interviewed. Often this data wasu totally or partially
unrelated to the subject of the study. In other cases, the

data was relevant but was found to be unique to problems
at a particular facility

or with a speciai group of aircraft,
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Thus, it was necessary to carefwl.y review the collected data
and to selectively eoxtract the more significant inEOfmat*on
for inclusion in cthis report. The footnctes which accompany
each table are the resul:i of this screeniny, the comments
censidered meost Important to the immediate goals of this
study. There is savlcusly m: ch more information of a gqual-
itative nature svailable on ¢he maintenance of components
covered by this studv. Much of this would be uecessary to
ary in-depth study of maintenance problems flowing from this

initial investigation.

Figurcs have been used to iliustiate some of
portent comments. They are found ¢rouped &t
table for each model ne,iccpter. Appendix IV
ical maintenance date for each of the component
this sacticn.
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Figure 15. Cyclic and Collective Actuator Installation,
CH-58 Helicopter.
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Hub and Blade éssembly——;7

Shim

~ Torgue

) 6G to 85
inch-pounds
Lubrication f
Fittings |
!
H

g/fg
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Figure 30. Tail Rotor Installation, UH-1 Helicopter,
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{1} Rasove retaining bolt, lockwasher, and uuntput
£haft zdapterx.

{2} Remove starter-—qenerator, cable, starter-ganerator
farn szsambhly,. and seal drain hose as follicws:

{2) Remove cooling ducts from aft end. of atarter-
gsmarator and at starter-generator ghroud sasembly.

{b)} Loosan hode clamps at each side of starter-generator
fas azleshly, and remove hose sections from fan. Remove clamp
om inlet honsing, znd cemove lonyg hose from engine.

{c} Resove starter-generator fan assembly and cable,
Be=ove geal drain hose and fittdng at underside of drive pad,
&nd insizil plug. Install drive pad cover.

{3} Rexove main slectrical csbis by disconnecting
laeds from hzvness and units on onyine and from exhaust
thermocouple connector-sn rear fire-wall, #nd by detaching
aakis support clamps and brachkets.

{§) Remove linear actuator, governor control shafe
lever; and droop coopansator cambox and bracket agsembly.
Remove power lever coentrol arm. ’

{5) Remove tachomster generators from drive pads on
cverspead governor drive box and on right rear of accessory
dérlve gearbox, Install drive pad covers.

{8) Remove furel comtrol inlet hose, and cap fikting.

{7} Diaconzect two differentiznl pressure switch hoses
fro= restrictor fittings on fuel control. Replace fittings
with piugs.

{8) Disconnect hoses from combustion chamber drain
valve and from drain tes on fuel control drive pad.

{3) R=move governor seal drain tube and fitting and
&rain tes.

Figure 31. Engine Teardown Procedures, UH-1 Helicopter.
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{10} Ramove fuel control vent hose and fittings from
~nboard side of gevernor.

{11} Piug open ports, and cap lines.

£12) Destach support clamps and brackets of fael
differential pressure switch hose and oil pressure hose from
1sft side of engins inlet housing.

2ove oll pressurs franamitters, pr 3 ’
) {15) Remove oil £ € egsurs switch
zackets, and hoses.

{14) Disccnnect pressure hose from oil filtsr.

{15) bisconnect torquemeter pressure transaitter hoses
rom left side of inlet housing and Iaft front of zccessory
drive yearbox.

{16) Replace figtings with pliugs.

{17) Remove oil pressure switch and transmitters from
support, and resove suppbort assexbly from top of inist housing.

- {18) Remove oil punp inlet and outlst hoses and engine
breathsr hoss. B8espl=ca fittings with plugs.

{13} Removs bleeS air hosze and elbow frox port at tep
¢f centrifugal cempressor housing., Rsemove hose support clampe
gndi hzacket from angine. Install cover and gasket on studg

&% blezad port.

i

i {20) Remove exherust tailpips with V-banod cousling.
Esmove Sover plats and attaching screws with centar of exhaust

&iffpzer.

2l) Discomnect exhaust thermocouple cable £roz connschor

o= resr fire-wall,

{22} Remove upper rear firs-wzall assanbly by releasing
¥=band clamp arcuad support cons Ilange xnd working zdaptar
xing carefuily aft over thersocouple tubing.

{23} Re=cvs erngins mount trunnions.

:gine Teardown Procedures, UH-1 Helicopter,
Sheet 2) N
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Taad)

il engine mount trumnions, with any .
r clips normally attached on same bolts,

11l ©il system hoses, inciuding bresather
;s and support brackets or clips, sil
s=rs, and switch support asseckly,

two tachometer generators on mounting
ide of overspeed governor drive gearbox
ay side of accessory drive gearbox.

b o

1 dreoop compensator cazbox, linsar
reor control lever. Install powsr lever
3 -

1 control inlet hase,
on chambar drais hoses, and fusl
fiztings. )

fittings from prassurs ta3ps on

install two restricior fittings,
1t Terential pressure s
trangmitter asseskhly is iccated

ioper rear fire-wzll assembly, securing
of exhaust diffs
nd e Seat coupling securely
ts = 2 torgus of $0 to 30 inch-pounds.

130

I




5]
fube
TH]
]

{8} Connect thermocounle lsad to connector on risht

zear Eide ¢f fire-wall. o

{9} Inzell oo e siate on center of exhaust diffuser.
Install exhaust rails ¥..% V-band crupling. (Refzr TH
55-1520-215-323}.

{10} Instail main slsctrical cable with support clips.

{11} Connect to engine slectrical harness and &o units
sounted on =ngine.

{12} Install starter-generator and starter-generator
cooling fan azssessly.

{127 Bemsve plug 2t bottom of Grive ped and install
seal drain fitting and hose. Connect cable.

{14} Instail output drive shaft adapter, with lock-
wacher and retaining bolts. {Refer to TM 55-1520-210~20}.

{15} Check over engine and xekove any remaining
shipping covers or plastic siugs.

ure 32.
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Apply a thin layer cof
grease on inboard surfacs
of male (inmer) coupling.
Hate parts and move ocuter
coupling to full cutward
position, with coupling
bottomed.
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SUMMARY OF DESIGHN FACTC!I

MAJOR COMPONENT REPLACENE

ot

covered by the study, are

The moxe significant main a ] daesign characteristic:
of the UH~1 helicopter, wii n major component areas

i
*
=

1. Tail Rotor System -

=

The tail zats

tallation contains
many small rdware, the handling
o5f which con %z ly to the total -

maintenance +i

Burlﬁg ins

head is ten §s
the gap betweer 1
shimming. ‘ée QXUuE:S of

£
b&iléup is time-consum 1ﬁ§‘

rotor hub, the cross-—
nn order to measure

plate andéd crosshead for
builidup, teardown and f£inal

C-amgs which ret
mat zng csa§1$§gs ars
When instal -’z‘i , @ O2

1 rive shaft to
ed in matched halves.
exist betwsen the halves
locations. These gaps must

£

3
i g
Lo
m.

Two tail xrotor dr

from the intermed
removal of the

-

-4 s 3 ¥ P % e -
3. Transmissicns and Gesarboxss

‘
L

v

Gt

YRS

o



Access to lines, hoses, transmission mounts, les
link, drive shaft couplings, etc., is gaiﬁéé hTo

£
access panel on both sides of pyion island structur
and through a "hell hole” in lower fuselage under the
pylon. Removal of panels is not difficuls, but

the resulfant openings do not provide easy access to

the listed compenenis.

Replacement o6f tail rotor gearbox reguires
ana zeiﬁséail tion of ail rotor -ssemb?v
installation, balance ané track mus
main transmission input
jack screws and may also
to transmission case.

rve Actuators

light contreol system contains three cylinders
aprear identical. Although they are not
ionaliy interchangeable, without making certain
tments, they can be physically interchangad.

Generator

tallations
arrentxn being usaé on §§-’ model he icopters.
Familiarization of malntenance personnel is reguired
for sach of these installations in order to ensurs
escval aaé L?:ta latlvh e; t%e § g;caia-

o
=
-
£

arter-gene a*e* cO

attach the 1iE
Removing and

+ beczuse of the

vi ng

. scwseutilg,
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i

[t

l,|| (LG I

umerous paris which
splaced by mainte~-

el

c. The collsctiv
parts which m =
céuring the replacement process

¥ain Drive Shaft

=

2. The quantity of grease packed in couplings is critical.

=3

The packing procedure demands precision and is time-
consuming. ReplaceBent coupliings are not prepacked.

b. Inspection reguires disassembly of shaft and complete
removal of old grease. Solvents may not be used.

Some maintenance companiss use cotton fipped sticks

{Qg~Tips) for this task. EBEach spiine tocoth is individu-

ally cleaned and visually inszpected for unacceptable

wear patterns and/or detsrioration.

]
ik

Y

Power Plant Installation

&. Teardown and buildup ¢ ‘cesscries rapresents
the largest single ¢ the replacement task.
Many steps, involving disaszsembly and roassembly of
items in prescribed jence, are involved in the
engine buildup pre £

3

b. The main fuel =
fuel manifold and =
combustion chasher ho
hindered becauses of th S
space available for tool application.

c. Fire wall structure 13
for on—aircraft replszc
fuel nozzels loczts

d. BReplacing the linear
connecting electrical
block. Indexin

BPH controls.

s i
and reguires a

p—_
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SUMMARY OF DESIGN FACTORS RELATED TO MAJOR

COMPONENT REPLACEMENT, AH-1 HELICOPTER

The more significant maintainability design characteristics
ajo

of the AH-1 helicopter, within the ten m

¥ component areas

covered by the study, are in summary:

1'

Tail Rotor System

a. The tail rotor hub and blade installation contains
many small parts and items of hardware, the remov-
ing and installing of which contributes significant-
ly to the total rmaintenance time for component
replacement.

b. During installation of the tail rotor hub, the
crosshead is temporarily assembled in order to
measure the gap between the retainer plate and
crosshead for shimminc. The process of buildup,
teardewn and final buildup to determine sham thick-
ness is time-consuming.

¢. Many replacemant actions are a result of excessive
wear of parts and components, particularly bearings.
The probable cause of many failures is improper system
installation and rigging.

Main Rotor Hub

a. A number of different torque valves must be applied
when installing the hub assembly and associated
hardware, with cirtical torques witnessed and/or
verified by a technical inspectiocn.

b. The main rotor blade bclts freguently are difficult
to remove due to seizing of the bolt. When this
occurs, a work aid is required to extract the bolt.

c. Rotor tracking is normally required when the main
sotor hub assembly is reglaced.

Stability Augmentation S

Although the SCAS control unit is located in an
accessible location for maintenance, its expdosed

| 1]
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seat makes it
to damage from ticles stowed in the ccmpart-

a. Due to the arrangement of components in the power
delivery train to the rotors, many components must
be removed to prcvide access to the trxansmission.

b. The transmission cowl door have hinges which reguire

custom fitting ({shims) upon reinstallation.

Pydraulic Serve Actuators

a. Valve connections on the dual hydraulic flight
control cylinders are positioned in proximity to
sach other. This arrangement allows little or no
clearance for connecting or disconnecting the
uydraalic lines. Sequential removal is required
to gain access to the inkoard lines.

B. The bearing housing of the flight control cylinder

valve is lubricated with grease through fittings
located at the base of the cylinder =assenrnbly.
These lube fittings are located in positions which
provide limited access for servicing.

Starter—Generator

a. Access to the six mcunting nuts and studs involves
removing a clamp and detaching the flexible hose
duct irom the shroud on the forward end of the
sturter-generator, loosening the two clamping bolts
at the left side of the inlet shrovi, and sliding
the shroud aft. These functions are the larger
contributors to the compenent replacement time.

b. Rercving and installing the top inboard mounting
nuts ir Jifficuli due to limited work space.

a. When replacing the swashplate ané support assembly,

a large pcrtion of the total maintenance effort
is devoted to the task of removing and installing
cther components.

Yt
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b. Numerous torque vslves zare specified for the
swashplate installaticn.

c. The collective lever zssembly includes m y small
parts which must be handled during the r pﬁace385;

process.

8. Main Drives Shaft

a. The guantity of grease packed in c<ouplirgs is
critical. The packing procedure Gemands precision
and is time-consuming. Replacement ccuplings are

nnt prepacked.

b. Inspecticn requires disassembly of shaft and
complete removal of cold grease. Solvents may nodot
be used. Each spline tooth is individually
cleaned and vzs*»*ig inspected for unacceptable

wear patterns and/or deterioration.

8. Power Plant Installation

a. Teardewn and buildup of the basic engine, which
includes removing accessories from the old engine
and installing them on ?he new one, represents
the largest ele.cn* of the replacement function.
Many steps, vo*vzag gdisassembly and reassembly
of the a§a?tzng parts in prescribed seguence, are
involved.

b. Engine replacement reguires checking main drive
shaft alignment and conircl linkage rigging.
Se*v&ci§g ard ground functional checks are also

required.

c. Replacement of the
requires rzﬂg4ﬁg th
controls and maxing
actuatcr stroke. T
of detailed steps i
cf adi

or normally

ne governor RPM
jss_ﬁég*s for
ciudes a number
recises measurement

istments.
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TORQUE MULTIPLYING PIWER UNIT,
PARYT SWEBIOD {(11.2 TO 1}

/ SoCKET ASSENBLY, PART
/Y 11485898-6 (PAKRT OF
- 114E5898-5 ADAPTER SET)

LIFTING DEVILE,

ATE D ASSE! .
ARCHOR PLATE, FWD ASSEXBLY PART 114E5899-19

PART 114E5808-7. AFT
ASSEMBLY, PART 114E5898-8.
{PARTS OF 114E5898-5

AFTER SE
ADAFTER SET) ~ SCREW

RETAINER

COVER

PREFORMED PACKING
- HUB ESTﬁi%IEG KuT

¥aintenance crane
Adapter set 114ES

™
Mo

83
Rotary-wing head 11
Handling agaptier 1

skid 11431@26-;8
Torque wronch multi
Torque wrench, SQE

i W’Mﬂ“ il ‘li

IM" N-' % ot
‘ﬁ‘. M l"“‘" (SR

Figure 42.

g device 114E5898--19
384G~1 or transportation
=quivalent.

r S¥EB10D

ounds, 3/4-inch drive

Mw"‘l‘j I") mg, LT

st o]

e

CH~-47 Helicopter.

148

iotary-Wing Head Removal/In
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BO0T TI® AT PITCH LINK

114R3411 FAIRING OR PITCH FCREW ARD

LINK 11483611 TURNRUCKLE RASIER

Using a twine, Type P, Class 2,
maxe a loop approximately 1 inch
long,. Make the short end of the
tvine at least 3 inches long. Make
the ionger &r? of the twine of suf-
ficient leng.. tc make 4 to § wraps
ground the pitch link boot at the
top edge of the lower zipper bulb.

¥rap the twine arcund the boot.
Insert the longer end through the
loop to form 2 siip knoci. Then
pull the twine tzut, Continue
wrapping the twine sround the booct
toc make 4 to § wraps, pulling with
sufficient tension i¢ prevent the
boot frow shifting axizlily on the
pitch lipk. Tie tha longer end
and the shorter end together with
& double sguare knot.

Figure 43.

CH-47 Helicopter.
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DRCYE COLLAX

WEATHER-FROTECTIVR
" covea

Cut off excess twins approxi-
mately 1 inch fros the xuot.

Using twine, maks three wraps
sround the boot cone through the
Inops. Pull the twine iignt and
gacure it with a sgquare knot.
Continue the twins through the
wire tab on the zipper, through
the slot on the zipper ziider,
snd then through the loops on
the boot cone again. Pull the
twine tight and securs it with
& double square knot.

Cut off excess twine approx-
imztely 1 inch from the knot.

Weather-Protective Cover Boot Replacement,
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Figure 44.
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